I. INTRODUCTION UCRL-3792 .·
It has recently been observed that the j-j coupling shell model implies the existence of certain geometrical relationships among the 1 binding energies and excited states of neighboring nuclides. Such relationships have been useful in the study of the ground-and excitedstate properties of nuclei that could be characterized, to a good approximation, by pure (j-j coupled) nucleon configurations. In this paper we discuss a simple theorem relating the excitation spectra of certain nuclide pairs for which the limitation to pure configurations need no longer hold.
We consider a nucleus such that one kind of nucleon, say the protons, have a closed-shell configuration. The configuration of the neutrons is to be completely arbitrary. For such a nucleus we expect to find a set of energy levels corresponding to the different possible total ~ngular momenta to which the neutron configuration can couple.
The excitation energy of any such level is given by < . If we rewrite Eq.
(1) using .the new 2 representation of the state vectors, we discover that
The matrix elements that appear on the right-hand side of Eq. (2) are just the first~order energies of a nucleus that differs from the one under consideration by the addition or subtraction of a single proton in state j. It is to be emphasized that the neutron states Ji and J 0 are states of the same configuration. It is clear that we are not concerned with the details of the neutron configuration, consequently it is unnecessary to make any assumptions as to the manner in which the particles are coupled.
We note in passing an alternative approach to Eq. It would seem to follow that if we can find groups of nuclides for which the sum rule holds with some degree of· precision we may conclude that assumptions (a) to (c) give a reasonable description of the properties of such nuclides.
The remainder of the paper is devoted to ~pplications of Eq. (2).
Iri Section II we attempt to predict certafn excited states and excited:-state spins for nuclides which we expect to satisfy the assumptions (a) to (c). Section III summarizes the results and conclusions
We discuss-this triad in some detail because it leads to a rather 
.
In an analogous manner one derives three equations relating the states of 53 56 .
53 Cr to those of Co • Beq.ause the proton configuration of Cr has an equal number of holes and particles, however, the three equations for the Cr 53 states can only be of rank two; otherwise it would be possible to prove that a hole-particle interaction is equal to a particle~particle . 10 interaction;
The linear dependence of the three equations a'J,lows us to deduce that in addition to the center-of-gravity theorem the chromium states must satisfy .
In addition it is now possible to relate the chromium and iron states (2), (4), and (5) we now predict the levels of Cr .
These are found to be 0.46(3/2), 1.41(7/2), l.S3(5/2), and 2.34(~) Mev. The level at 780 kev we suppose to be a single-particle excitation to the 19 The conclusion seems to be either that we are dealing with a numerological accident or that the proton and neutron 23 configurations are really different in Si
. If the latter conclusion can be substantiated it would seem to be of interest in connection with the understanding of Coulomb effects in the shell model.
DISCUSSION
We have seen that the j-j coupling shell model, if it is to be taken seriously, carries with itself certain implications concerning relationships among the excitation spectra of neighboring nuclides. It has been our purpose to exploit some of these relationships in an attempt to put the model to test. In so doing we have found ourselves in the position of predicting a sizable number of excited-state spins ·and, in UCRL-3792 . .
-11-two cases, the existence of unobserved states. If these predictions should be borne out by experiment then, manifestly, one must regard this as a triumph on the pa~t of the model.
For the most part, consideration has been given to nuclei near mass number 60. This is because we were unable to find a sufficient amount of experimental information for nuclei lying near other closed shells than the ones at 28 and 38 neutrons or protons. It is in some respects unfortunate that this is so, because there is already appreciable evidence ·that the j-j coupling model gives a good account of itself for nuclei of 1 atomic number up to 28. One would be.most interested in examining the situation near, for example, neutron or proton number 50.
There are, perhaps, two reasons why one should not be amazed if the elementary considerations discussed here should give a good account of the situation. In the first place one observes that the level spacings of most of the nuclei we have discussed tend to be sizeable; consequently, there would seem to be an excellent chance that assumption (b) of part I is applicable. Secondly, the natu~e of our analysis was such that we were concerned only with nuclei that had either closed neutron or closed proton shells. 20 Considerations based upon the collective model would seem to indicate that for such nuclei the shell model might be applicable even at relatively nigh mass numbers.
We should like to express our appreciation to Professor J. B~ f Assumed to be a single-particle excitation ·and excluded from the center-of-gravity computation.
tt Not observed. The·existence of this level is predicted by the theory. 
